Abstract: The main objective of this study is to test the hypothesis that exchange rates in emerging countries
Introduction
Modeling exchange rate volatility has gained a great importance particularly after the collapse of the Bretton Woods agreement when major industrial countries has chosen to shift towards floating exchange rate from fixed exchange rate regime. Since then, there has been an extensive debate about the topic of exchange rate volatility and its potential influence on welfare, inflation, international trade as well as its role in security valuation, profitability and risk management and investment analysis. Consequently, a number of models have been developed in empirical finance literature to investigate this volatility across different regions and countries (Suliman, 2012) . The traditional measure of volatility as represented by variance and standard deviation is unconditional and does not recognize interesting patterns in asset volatility, e.g., time-varying and clustering properties (Olowe, 2009) . Researchers have introduced various models to explain and predict these patterns in volatility. One such approach is represented by time-varying volatility models, which were expressed by Engle (1982) as autoregressive conditional heteroskedasticity (ARCH) model and extended by Bollerslev (1986) into generalized ARCH (GARCH) model. These models recognize the difference between the conditional and the unconditional volatility of stochastic process, where the former varies over time while the latter remains constant (McMillan and Thupayagale 2010) .
The vulnerability of emerging economies is clearly evidenced by the behaviour of their exchange rates, which were very volatile. With the exceptions of those countries that adopt fixed exchange rate, emerging countries generally suffer from large capital flight to any domestic bad signal or systematic risk. Meanwhile, developed countries tend to be more stable in relation to their currencies, even if they are not immune to financial crisis (Carvalho Grirbeler 2010) .
The main objective of this study is to test the hypothesis that exchange rates in emerging countries are more sensitive to negative shocks than positive ones, and that developed ones do not exhibit this same pattern, at least not with the same intensity. In order to measure the involved risk, symmetric and asymmetric GARCH models are applied. The accuracy of exchange rate volatility forecast is evaluated using the Mincer-Zarnowitz regression based test and Diebold and Mariano test (DM test).
The paper is organized as follows. Literature review is presented in the second chapter. Chapter three describes the data and methodology employed. The fourth chapter presents the results of empirical analysis. Finally, concluding remarks are given in the fifth chapter.
Literature review
The majority of studies have concentrated on bilateral exchange rates between developed countries (see for example Hsie 1989 , Mundaca 1991 , Johston and Scott 2000 . In addition, in last few years many researchers have concentrated in volatility forecasting in emerging countries (see for example Blaban 2004 , Longmore and Robinson 2004 , Ng Cheong Vee et.al. 2011 ).
Despite the fact that there is a large amount of research in volatility forecasting, a limited number of papers gauge the forecast accuracy of exchange rate volatility models in emerging as opposed to developed countries. Sandoval (2006) , tested hypothesis that exchange rates in seven countries in Asia and Latin America (Colombia, Brasil, Chile, Mexico, South Korea, Thailand and India) are asymmetric for positive and negative shocks. Author used traditional GARCH, GJR-GARCH and EGARCH models. Using the Akaike and Schwartz criteria, besides the likelihood ratio test, the author found that four of seven currencies are asymmetric. In relation to forecast, the symmetric models outperformed the asymmetric ones. Therefore, the finding of this study was that emerging countries did not show widespread evidence of asymmetry. Carvalho Griebeler (2010) using the family of ARCH models estimated and forecasted the conditional variances of exchange rates in Brasi, Mexico and Singapore, representing emerging countries, and the Euro Zone, UK and Japan, representing the developed one, through 1999 to 2008 period. Author results suggested that there is no relationship between the country being either developed or emerging, and its best fit is given by a model symmetrical or asymmetrical. Moreover, the predictability of the conditional variance of symmetric and asymmetric GARCH models was also not connected with the fact that the country belongs to emerging or developed ones. Antonakakis and Darby (2012) investigated the daily exchange rate returns of CLP/USD, CYP/USD, BWP/USD and MUR/USD in case of developing countries and CHF/USD, JPY/USD, GBP/USD and NOK/USD in case of industrialized countries. Authors found that in case of industrialized countries FIGARCH model performed best over all the forecasting horizons tested, while in case of developing countries IGARCH model results in substantial gains in terms of the in-sample results and out-of-sample forecasting performance.
Data and Methodology
The dataset consists of the daily returns of exchange rates Hungarian forint (HUF), Romanian lei (RON), Serbian dinar (RSD), EU euro (EUR), Great Britain pound (GBP) and Japonica yen (JPY) all against the US dollar obtained from national Central bank websites. The study covers the period January 3, 2000 to April 15, 2013 for HUN/USD, January 3, 2003 to April 15, 2013 for RSD/USD and January 3, 2005 to April 15, 2013 for ROL/USD, in respect. For exchange rate, we compute daily logarithmic returns, r t = (log P tlog P t-1 ) * 100.
GARCH type models
The GARCH (p,q) model was first developed by Bollerslev (1986) as a response to several drawbacks of the ARCH (p) of Engle (1982) . When applied to the volatility of financial time series, a GARCH (p,q) process can be written as:
Where ε t is random component with the properties of white noise, size of parameters α and β in the equation determines the observed short-term volatility dynamics obtained from series of returns. The high value of coefficient β indicates that shocks to conditional variance need a long time to disappear, so the volatility is constant. The high value of the coefficient α means that volatility reacts intensively to changes in the market. In order to have non-explosive process, α + β is restricted to be less than one.
In order to capture asymmetry Nelson (1991) proposed exponential GARCH process or EGARCH for the conditional variance: 
where θ and γ are parameters that have to be estimated.
First part of equation, ( )
Zakoian (1994) proposed TGARCH (p,q) model as alternative to EGARCH process, where asymmetry of positive and negative innovations is incorporated in the model by using indicator function: 
where γ i are parameters that have to be estimated, d(·) denotes the indicator function defined as:
TGARCH model allows good news, (ε t-1 > 0), and bad news, (ε t-1 < 0), to have different effects on the conditional variance. For instance, in the case of TGARCH (1,1) process, good news has an impact of α i , while bad news has an impact of α i + γ i . For γ i > 0, the leverage effect exists.
APARCH (p,q) process, proposed by Ding, Granger and Engle (1993) , can be written as:
Parameter δ in the equation denotes exponent of conditional standard deviation, while parameter γ describes asymmetry effect of good and bad news on conditional volatility. Positive value of γ means that negative shocks from previous period have higher impact on current level of volatility, and otherwise.
Forecasting evaluation
In Zarnowitz (1969) regression based test, the realized volatility is regressed on constant and forecast volatility:
A separate test is conducted for each model to be unbiased, the parameters α and β should be taking the values 0 and 1 respectively. In addition, the R 2 (goodness-of-fit) of the regression is used as a measurement of predictive power of various models concluded. The model with the largest R 2 indicates that the realized volatility can be appropriately explained by the forecast volatility, and therefore has the most powerful forecasting ability.
The Diebold-Mariano test (1995) is a complementary method to compare forecast of two different models in terms of the expected loss observed when using them. This expected loss is calculated following a loss function. Following to the DM test a predefined loss function is specified and express as:
Hence, one can test the null hypothesis d t = 0 of equal forecast accuracy. If the null hypothesis is rejected, then the model with the smallest forecast error is significantly superior to the other model.
Results of empirical analysis

Properties of data
Plots of the data are presented in Figure 1 . As may be seen, in the period of crisis it can be noticed a significant depreciation of the exchange rates in EEC countries, while in case of developed countries it can be noticed a significant appreciation of the exchange rates.
Figure 1. Daily Exchange Rates vs. US Dollar period January 2000 -April 2013
Source: Author's calculations Table 1 shows the results of unit root test for daily exchange rate returns series. The Augmented Dickey-Fuller test and Phillips-Perron test statistics for all exchange rate returns are highly significant, i.e. the values are less than their critical values at 1%, 5% and 10% level, thereby suggesting the rejection of null hypothesis of the presence of unit root in the return series. Notice in Figure 2 that, unlike the level, the returns are stationary (outcome confirmed by ADF and PP test). Additionally, one can observe that the assumption of constant variance is not valid for all series. Volatility clustering is clearly visible in all cases. The effect of the global financial crisis, although this represents a relatively short period in the entire sample, also appears to have strong influence on the exchange rate variability in observed countries. Note also that the magnitude of effects of global financial crisis is similar in both EEC and developed countries. The quantiles of an empirical distribution are plotted against the quantiles of a normal distribution. From the Figure 3 it is clear that QQ plot is not linear and that empirical distribution differs from the hypothesized normal distribution. The plot poses the characteristic S-shape indicating that there is no significant skewness, but the tails are heavier than a normal distribution (Andersen et.al., 2000) . Table 2 indicates that the daily exchange rate returns are not normally distributed. In most cases skewness is evident; kurtosis is in all cases greater than 3 and the Jarque-Bera statistics are highly significant. Positive skewness indicates depreciations of exchange rate in EEC countries as opposed to appreciations in the developed countries. The coefficient of excess kurtosis is in all cases much greater than 3 indicating the distribution of the returns is leptokurtic, which means that the distribution has fatter tails. ARCH-LM test indicates presence of time varying volatility, and Box-Ljung statistics indicate evidence of autocorrelation in both standardized and squared standardized residuals. 
Estimation results for EEC countries
Conducted empirical test indicates that the return distributions are not characterized by normality. Due to skewness and excess kurtosis of daily financial return distributions, estimates based with assumption that residuals follow normal distribution has its drawbacks. Hence, instead of the normal distribution we are going to concentrate on estimation of the various models under the Student's t distribution since they take into account the phenomenon of leptokurtosis and skewness in the probability density function as opposed to the normal distribution.
The estimated parameters by GARCH type models for EEC exchange returns are presented in Tables 3, 4 and 5 respectively.
The estimation results of GARCH(1,1) model show that neither AR nor MA component in the mean equation is significant except in the case of RSD, where AR component is significant, but estimated parameter is very small (0.071). As far as conditional variance equation concern, intercept (c), ARCH (α) and GARCH term (β) are statistically significant at the 5% level and with expected sign for all return series. Results of Ljung-Box Q -test statistics show that autocorrelation for the standardized residuals are statistically insignificant at 5% level for all lags. This shows that means are well specified in all models. The Ljung-Box Q 2 -statistics of the squared standardized residuals are insignificant at 5% level for all lags, except for RSD at lag 30.
The TGARCH (1,1) model also has appropriate statistical characteristics in all three cases. The parameter for asymmetric volatility response (γ) is positive and significant, which indicate presence of asymmetry effects. Autocorrelation and ARCH effects do not exist in standardized residuals of estimated TGARCH (1,1) models.
The estimation results of EGARCH (1,1) model indicate that estimated parameter θ is positive and significant for all exchange rate returns. This means that positive shocks (that cause depreciation of national currency) generate more volatility than negative shocks. The estimated parameter γ is positive and insignificant for RON and RSD return series, while in case of HUF is positive and significant. However, in the case of HUF diagnostics for residuals is not entirely satisfactory, since there is evidence of serial correlation in the squared standardized residuals and heteroskedasticity.
The estimation results of APARCH (1,1) model indicate that estimated parameter γ is negative and insignificant for RON and RSD return series, while in case of HUF is negative and significant, indicating that positive shocks (that cause depreciation) from the previous period have higher impact on conditional variance. Thus, APARCH (1,1) model for HUF has appropriate statistical characteristics.
According to modified Akaike criteria too, GARCH model best describes conditional variance of exchange rates in Romania, Serbia and Hungary. 
Estimation results for developed countries
The estimated parameters by GARCH type models for the exchange rate returns for developed countries are presented in Tables 6, 7 and 8 respectively.
The estimation results of GARCH(1,1) model show that neither AR nor MA component in the mean equation is significant, except in the case of JPY, where AR component is significant and negative, but estimated parameter is very small (-0.043). In the conditional variance equation, intercept (c), ARCH (α) and GARCH term (β) are statistically significant at the 5% level and have expected sign. In the case of EUR, the GARCH-M term is significant showing the exchange rate risk is compensated in the exchange rate market. The conditional standard deviation σ is significant, suggesting that if there is an effect of risk on the mean return. Model has satisfactory explanatory power.
Results of estimating different types of asymmetric ARMA (m,s)-GARCH (p,q) model with assumption that the residuals follow Student's t distribution for developed countries suggest the following conclusion. According to modified Akaike criteria, GARCH model best describes conditional variance of exchange rates in EU, Great Britain and Japan. 
Forecast evaluation for EEC countries
Results of Mincer-Zarnowitz regression test of exchange rate returns for selected EEC presented in table 9 indicate that for all the regression against the sample forecast of the GARCH variance, showed a clear lack of explanatory power and sub-optimality in the model. The null hypothesis (c = 0 and β = 1) was always rejected. The coefficient R 2 is very low and ranges between 0.121 to 0.145 which indicate low explanatory power of TGARCH and APARCH models. 
Concluding remarks
The main objective of these study is to test the hypothesis that exchange rates in emerging countries are more sensitive to negative shocks than positive ones, and that developed ones do not exhibit this same pattern, at least not with the same intensity. In order to measure the involved risk, symmetric and asymmetric GARCH models are applied. Finally, the initial hypothesis of the study was not verified. Moreover, the difficulty of exchange rate returns predictability was also present, because both symmetric and asymmetric GARCH models do not demonstrate superiority in forecasting future values of exchange rate volatility during the sample period.
The difficulty of forecasting is related to the peculiarities of the period, which includes in its observation period of Financial crisis and European sovereign debt crisis. Therefore, in future study author will consider this problem using dummy variable.
